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Soviet and French teams working 
through difficult winter conditions 
have completed a record of the effects 
of last year's Armenian earthquake. 
For the devastation and deaths 
caused, the 'quake was surprisingly 
small. Cover shows a surface fault 
with Spitak in the background. See 
page 675. 
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0on exchanges 

^ma ravs from co,d fusion? 
£ r e are tw0 scnools of thought. 
- e 667. And on page 690. a 
Assessment of calculated fusion 
*|gsin isotopic hydrogen mol- 
lies concludes that a 5 to 10- 
5 enhancement of electron 
^ss is required to bring calcu- 
^ cold fusion rates up to the 
^ge of values claimed experi- 
mentally. The authors "know of 
tf plausible mechanisms for 
sieving such enhancement". 

Honey grows on trees 

3ie debate about the destruction 
^ tropical rainforests assumes 
ne question to be one of econ- 
^ny versus ecology. But the 
ilue of products such as fruit 
lid latex, which do not involve 
jeforestation, may be two to 
Gee times higher than that of 
oer exports". Commentary. 
je655. 

Inase connections 

j link between cell-cycle control 
nd the regulation of transcrip- 
'jmi is provided by the discovery 
pat the mouse kinase that phos- 
wrylates a repetitive domain of 
?iA polymerase is encoded by the 
-ouse homologue of cell-cycle 
sntrol gene cdc2. Page 679. 

topper counts 

* the high-temperature super- 
inductor Bi 7 CaSr 2 Cu 2 0 8 , it is the 
)Dper oxide planes that contain 
■e Fermi liquid' electronic 
*3tes central to superconductiv- 
v the BiO plane is non-metailic 
3ge691. 

ixtlnctlon patterns 

.rcpe has far fewer tree species 
an eastern Asia, where the 
iher species diversity may be 
•e to lower rates of glacial ex 
"ction. The role of factors such 
* ; iong periods of isolation may 
:'ess important than often sup- 
-sed. page 699. 



Coded messages 

The magnetically disordered 
materials known as spin glasses 
constitute a model for a new form 
of error-correcting code in infor- 
mation transmission. Decoding a 
signal is equivalent to finding the 
ground state of the spin glass, 
and can result in uniquely low 
error probabilities, pages 693 
and 662. 

Altering enzymes 

A moiecular model of the com- 
plex formed between tissue-type 
plasminogen activator <t-PA) and 
its physiological inhibitor, based 
on the known three-dimensional 
structure of a trypsin-inhibitor 
complex, has facilitated the 
engineering of an inhibitor-resis- 
tant t-PA. Pages 721 and 658. 

Pacific atmospheres 

Although industrial processes 
and the burning of fossil fuels 
have led to large increases in 
sulphur dioxide emissions in the 
Northern Hemisphere, over the 




Pacific it is biologically produced 
compounds, mostly dimethyl 
sulphide from the ocean, that are 
the main influence on atmos- 
pheric sulphur levels and the 
climatic consequences. Page 
685. Pacific nitrate levels, how- 
ever, seem mainly dependent on 
anthropogenic nitrate production 
from continental America, page 
687. 

Guide to authors 

Facing page 726. 
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A unified British research council needs wide-ranging 
powers ■ Britain continues to perplex Europe ■ Soviets 
struggle with perestroika 
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China's anguish ■ Genome sequences ■ Lab monkeys back 
home ■ Austrian policies ■ Japan in space station ■ India's 
satellite grounded ■ World Bank pleases some ■ Europe's 
environment ■ Cape York troubles ■ Sakharov 
outspoken ■ Academia Europaea ■ AIDS figures bleak ■ 
Computers and electronics ■ Genetic engineering 647 - 653 



CORRESPONDENCE 



Taxonomists like stability ■ Being economical with the 
truth ■ Anthropic principles ■ Anonymous reviews 

COMMENTARY 
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Valuation of an Amazonian rainforest 

Charles M Peters, Alwyn H Gentry & 
Robert O Mendelsohn 

NEWS AND VIEWS 
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Can journals influence science? 

John Maddox 657 

Protein engineering: The sheep in wolfs clothing 

Dagmar Ringe 658 

The birthof aplasmoid Mark Saunders 659 . 

Calcium-binding proteins: The search for functions 

John Rogers 661 

Spin-glass theory: Correcting errors with glaswr 

HGEHentschel 6e2 

Developmental neurobiology: Neuropeptides find a role? 

Anne W. Mudge 663 

Goings on between the stars Virginia Trimble 664 

Origins of full-scale agriculture 

PaulGBahn 668 
Lost birds of New Caledonia 

Colin Harrison 666 
Daedalus: Breath of life 666 

SCIENTIFIC CORRESPONDENCE 

Measurement of y-rays from cold fusion 

M Fleischmann. S Pons, M Hawkins 
& R J Hoffman; Reply — R D Petrasso. XChen, 
K W Wenzel, R R Parker, CKLi&C Fiore 
Fast pulsations in supernova 1987 A S Tsuruta ■ 
Taxonomy debate signing off E A Jarzembowski 
Seal disease predictions J Harwood. S D Carter. 
D E Hughes. S C Bell, J R Baker & H J C Cornwell ■ 
Stereopsis ambiguity in stereo images G Chapuis 

BOOK REVIEWS 

Safe Shopping, Safe Cooking, Safe Eating by R Lacey and 
Salmonella in Eggs Vols I & U Agriculture Committee of 
the House of Commons A A Glynn 
Mercury F Vilas et al eds David Morrison 
Principal Component Analysis in Meteorology and 
Oceanography by R W Preisendorfer 
Michael B Richman 

Dynamic Modeling in Behavioral Ecology by M Mangel & 
CW Clark Alex Kacelnik « Optical Computing: A 
Survey for Computer Scientists by D G Feitelson 
SD Smith 
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Region 
C> 

v, 7 



Name 


Sequence 5' -3' 


Position 


Ref. 


STP. 120 


CTTATGGAGATTTGTTTCAGC 


139-145 


1 


STP. 121 


CGGCAAAAAACAAATCAACAG 


37-43 


1 


STP. 073 


TGTCCTTGCAACCCCTACCC 


49-56 


29 


STP. 094 


TGTGCACTGGTACCAACTGA 


35-42 


23 


STP. 107 


(GGAA)TTCAAAAGAAAACATTGTCT 


55-62 


23 


STP. 102 


A AGCT AG AGGGGTC CTCTGC 


18-24 


30 


STP. 110 


CGAATTCCACAATCTTCTTG 


158-165 


3 


STP. Ill 


(GGA)ATTCAGAAGGCAACAATGAAAG 


79-86 


4 


STP. 119 


TTCCTGGCTATTGCCTCTGAC 


65-72 


19 


STP. 075 


CCGCTTCTCTGTGAACTTCC 


61-68 


18 


STP. 082 


CAGATCCTTCCAGTTCATCC 


42-49 


18 


STP. 113 


TCAAGTCCATCAGCCTTGTC 


72-78 


3 


STP. 076 


CGCAGAGCTGCAGTGTAACT 


18-25 


18 



The position of the nucleotide sequence of the primer is indicated by the corresponding amino-acid number counted from the putative N-termmai cleavage 
site in each reference. For the V 06 primer, a sequence common to pAl2, 253 and 249 was chosen. The 3' 15 bases of this primer are also common ^ 
M23 (ref. 4). 



The amino-acid sequences deduced from the junctional 
nucleotide sequences indicate that IEL yS TCR would have a 
high degree of structural diversity in the V-/ junctional regions 
(data not shown); but diversity is not limited to these regions 
because the V v7 -coded y-chain can pair with either the V 4 , V 5 , 
V 6 or V 7 5-chain. This diversity of the IEL yd TCR is reminiscent 
of that observed for the yd TCR expressed on the thymocytes 
of adult mice 18,19 . The IEL yd TCR, however, clearly comprise 
a unique subset distinct from those on adult thymocytes which 
use V y4 and V 65 gene segments' predominantly. 

The yd TCR expressed on DEC, the other known epithelium- 
associated yd T-cell subset, utilize a single V y ( V v5 ) and a single 
V s (Vm) gene segmeru and have no junctional diversity 14 . This 
suggests that the ligand for DEC yd TCR is monomorphic unlike 
those of a/3 TCR 14 . By contrast, IEL certainly have the capacity 
to recognize structurally diverse ligands with their highly diverse 
yd TCR. This, plus the fact that IEL are CD8-positive 2(UI 
strongly suggests that their ligand is composed of a structurally 
variable peptide presented by a class I or class Mike protein of 
the major histocompatibility complex (MHC). The high level 
of diversity concentrated in the V-( D)-J junctions is consistent 
with the recognition of variable peptides, if the folding of 
polypeptide chains is similar for TCR yd and immunoglobulin 
molecules 22 . The origin of the postulated peptides is a matter 
of speculation. One possibility is that they originate from a 
relatively large set of self proteins whose syntheses are induced 
when the epithelial ceils are under stress. Another possibility is 
that the peptides arise from viruses, bacteria and other microor- 
ganisms that are prone to infect the intestinal epithelium cells. 
The preferential usage of the V yl segment may reflect its affinity 
for a limited number of class I or class Mike protein(s) that 
may be expressed on intestinal epithelial cells. □ 
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Cloning of murine a and 
retinoic acid receptors 

and a novel recefi^o^Y^ ' I 
predominantly expressed in skirr 

Arthur Zetont, Andt^Krusf; Miirtitt P »tk o vk ft > v - 
Phttppe Kastnwr «% n*rrm Chamber** 

Laboratoire de Genenique Molecuteire des Eucaryotea du CNRS, 
Unite 184 de Biologie Moleculaire et de Genie Genetique de I'lNSERM. 
Institut de Chimie Biologique. Faculte de Medecine, 11 rue htumann. 
67085 Strasbourg-Cedex. France 

In addition to having profound effects on embryonic patten 
formation 1 " 5 , retinoic acid (RA) has striking effects on differenti- 
ation and maintenance of epithelial cells in vivo and in vitro 
(reviewed in refs 6 and 7). Skin is a major target organ for retinoids 
both in its normal 6 " 9 and pathological states 10 . The discovery of 
two human nuclear receptors for RA (hRARa and hRARfJ) acting 
as transcriptional RA-inducible enhancer factors' l ' u has provide! 
a basis for understanding how RA controls gene expression 15,1 '. 
To investigate the specific role that RARs might play during 
development and in adult tissues, we have cloned the mouse RARa 
and RARp (mRARot and mRARp). Their amino-acid sequences 
are much more homologous to those of hRARa and hRARp. 
respectively, than to each other, which suggests strongly that RAR 
a- and (J-subtypes have different functions. Most interestingly «t 
have discovered a novel RAR subtype (mRAR-y) whose expressioo 
in adult mouse seems to be highly restricted to skin, whereas RARa 
and RAR0 are expressed in a variety of adult tissues. Furthermore, 
both mRARot and mRARy RNAs are readily detected ia 
undifferentiated F9 embryocarcinoma (EC) cells, whereas mRARP 
messenger RNA is induced at least 30- fold in RA-differontiate4 
F9 cells. 

' To whoin correspondence shouto oe aoaresaefl. 
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Val Pro 
Uu Thr 



fro Tyr l 
Jtr Ua ( 



lit Glu T6 
Uu Pre Uq Ut 



Gly vai 

v*l Tyr 

Gin Tyr 




rrm Sly <U 1 01<y.ai»U« l 
Mt lM Ur OIt U> Ml I 

Str Gly Tyf Str The fro 1 



Str Ala C 

Thr Cyl H 
Cy* Uq l 



i Clu 
I Uq 

i Gla 



tor Um 
froJcJT 
Cly Cyt 
Up Lyt 
Lya Cyt 



> Ut v*i pro J 



i Str Pro Pro Pro 



Cya Gin 
Pht Pttt Uq 
lit lit U» 
Val Gly Nttl 



Lys Str itr 
Uq Str Ut 

Lya val Thr 



Jly Tyt Hit Tyr 
Gin Lys Ajn *Kt 
Uq Un kit Cyt 



Thr Pro Glu Val 



LyS Lyt Lyt Clu 
Sly Glu Uu lit 



Str Lya Glu 

Alt Pro Lya Pro Glu Cya Str Glu 
val 

Glu Lya val Uq Lyt Ala Nil Gin 



1 U; Atn 
Sir Tyr Thr Leu 
Glu Thr Pht 



:Tr:rrc::::x::T;:::T':cACCACTTTccACCACCT:::TCAC':T:»a':T'jcc::»CTAT',^i:AOWkc::T 
:?:;a;ac^:agawatc:ttc^aaacc:actc-gacacaccacccag^c^ 
; ; • ;TCGCOTGCccGCOG<raTAreTGAAaccACCCC^ 



Ala Uu 

Asp lit 

Giu pht 

Uu Lyi 
Gin Up 
Gly Pht 

Ntt Up 

Ajp Uu 

v*i Tyr 
tit Thr 



Ala Lya 
Ala Ala 
Thr Ntt 

Gly Pro 
Ajp Ala 

Glu Gin 

v«l Uq 
Ajp Uu 

Pro Cly 



lyi Tyr 
Lya Pht 

Pro Gly 



Cya Uu Asp lit Uu 
Thr Pttt Str Aap Gly 
UM Thr Ajp Uu val 



t Uq Pro 
■ tit Str 

: Pro Pro 



Thr 


Ajn 


Un 


Str 


Str Glu 


Gin Ar* 


val 


S«t Leu 


Glu 


Uu 


Str 


Thr 


Lya Cya 


lit lit 


L/» 


Thr Val 


Thr 


Thr 


Uu 


m 


Ut Ala 


Aap Gin 


;ie 


Thr Leu 


:it 


Uu 


Arq 


lit 


Cya Thr 


Arq ?yr 


Thr 


Pro ;iu 


Ltd 


Thr 


Uu 


Ain 


Uq Thr 


Gin Ntt 


Hi) 


Aan Ala 


P»t 


Ala 


Pht 


Ala 


Ajn Gin 


Uu Uu 


•to 


l«u 


Str 


Ala 


Ut 


Cya 


Uu Ut 


Cya :iv 


Aap 


ah -;:a 


ntt 


Uu 


Gift 


Glu 


Pro Uu 


Uu Glu 


Ala 


Leu Lya 


Uq 


Pro 




Ntt 


Pht Pro 


Lys He: 


Leu 


lei Lyi 


Lya 
[It 


civ 

Gin 


Ala 

Glu 


Ntt 


Art Val 

Uu Glu 


Ut Thr 
Ajn Ser 


Leu 

:ia 


Lya "«et 

::^Leu 



i2\ Aap Thr Uu Ser Gly Gin Ser Gly 
Pro 

( Ser Uu 



Pro Gly 
Str Pro 



Ser Cya ! 
End 



Gly Gly Thr Arq Aap Gly Gly Gly Uu Ala Pr: Pr3 
Gly 

Str Pro Str Ser rtn Arq Str Ser Pro AS* Tftr :in 



Ntt Pht Aap Cya Ntt Aap Val Uu Ser Val Str Pro Gly Gin lie Leu Asp Pht Tyr Tnr 
Ala Ser Pro Str Str Cya Ntt Uu Gin Glu Lya Ala Uu Lya Ala Cys Leu Ser Gly Pht 



Str Ut Glu Thr Gin C-tr Thr Ser 



tl Str Glu Glu Uu Val Pro Str Pro Pro Str Pro Uu Pro Pro Pro Arq Val Tyr Lyi Pro 
91 



i Pht Vat Cya Gin Ajp Lya Str Str Gly 
i Lyt Gly Pht Pht Arq Arq Str tit Gin 
i Aan Cya val Ut Ajn Lya Val Thr Arq 



Cya 
Cy'a 
121 Lyt 

Cya Pht Clu Val Cly Nttj Sajt Lya CU Str Val 

Itl Glu Pro Str Lys Clfl Clu fya Thr Clo Str Tyr 
Thr 

111 Thr Glu Lya Ut Ar q Lyt Ala Bit Gla Clu Thr 
201 fryT 



Tyr Bis Tyr Gly Val Str Ala Cya Glu Gly 
Lys Un Ntt tit Tyr Thr Cya His Arq Aap 
Un Arq Cys Gin Tyr Cya Arq Uu Gin Lya 



A 
B 

C 



uq Un Up Arq Un Lya Lya Lyt Lyi 
Glu Htt Thr Alt Glu Uu Up Ajp Uu L/ 



Thr Thr 
Str Glu 
Pht Thr 
Uu Ut 
Cly Uu 
Val Pht 
Uu Str 
Up Lya 
Str Lya 
Ala Lya 



Aid Str 
Uu Alt 

Gly Uo 
Uu Axq 
Thr Uu 
Thr Pht 
Ala Ut 
Uu Gla 
Pro Kit t 
Gly Ala 
Gin Glu 



Str Ala 
Thr Lys 
Thr Ut 
I It Cyt 
Ua Arq 
Alt UB 
Cya Uu 
Glu Pro 
Ntt Pht 
Glu Uq 
Ntt Uu 



Up his Uq 
Cys Ut Ut 
Ala Ajp Gla 
Thr Uq Tyr 
Thr Gla Ntt 
Gla Ut Uu 
[It Cya Gly 
Uu Uu Glu 
Pro Lya Ut 
val Ut Thr 
Glu Un Str 



Pht|pro Str 
Uq Uu Up 
Ut Val Glu 
Thr Uu Uu 
Pro Glu Gin 
Un Alt Gly 
Uu Glu Nat 
Uq Cla Up 
Uu Lys Ut 
Ntt Lya lit 
Lya Mt Glu 
Gly 



Uu Cya 
Uu Gly 
Pht Ala 
Lys Ala 
Up Thr 
Pht Gly 
Up Up 
Uu Glu 
Tyr I It 
Thr Up 
Uo Pro 



Gin Uu 
Uu Trp 
Lya Uq 
Ala Cya 
Ntt Thr 
Pro Uu 
Thr Glu 
Glu Pro 
uq Lya 
Uu Uq 
Gly Str 



Gly Lyt 
Up Lya 
Uu Pro 
Uu Up 
Pht Str 
Thr Aap 
Thr Gly 
Thr Lya 
Uq Uq 
Str lie 
Ntt Prs 



■ Gly Un ! le Ala Glu Hil 
Thr 

1 Str Cln Str Pro Uu Uu 



Str Pro Str i 
Gin tad 



Hit Glu Pro Uu Thr Pro Str 3< 
Str Pro Str Str Val Glu Atn :er 



F 



=!G. 1 Amino-acid sequences of mRARa (a) and 0 (b), and nucleic-acid and 
oeduced amino-acid sequences of mRAR*y (c). Nucleotides and amino acids 
are numbered on the left side of each sequence. An in-frame termination 
codon (positions 145-147) in the 5'-untranslated region of mRAR-y cDNA 
is underlined in c. Regions A. C and E are boxed, and the location of regions 
4.-F is indicated on the right side of each sequence (see text). Amino acids 
differing between mRARa and mRARfJ and their human cognates are indi- 
cated in a and b under the murine sequences. The termination codon at 
trie end of the mRAR^ sequence is underlined in c and the ends of mRARa 
and mRARp amino-acid sequences are indicated in a and 0. The sequences 
of mRARa and mRAR3 cDNAs are available upon request. 
METHODS. Approximately 2*10 6 recombinant phage from an 11.5-day. 
'andomly.primed. mouse-emoryo AgtlO cONA library (donated by B. Galliot 
and D. Ouboule) were screened with purified hRARa and hRAR(3 cDNA probes 
derived from clones hRARaO and hRARfJO 1113 and 32 P-iabelled by random 
:riming 24 to a specific activity of 10 9 c.p.m. iig~ l of DNA. Plaque lifts onto 
nitrocellulose filters and treatment of the filters before hybridization were 
tarried out as described previously 2 *. Hybridization was carried out at 37 3 C 
1 'or -24 h in 5 x SSP€ (0.75 M NaCI. 50 mM NaH 2 P0 4 and 5 mM EDTA. pH 7.4). 
10% formamide. 0.2mgml _l sheared and denatured salmon-sperm DNA. 



NATURE • VOL 339 • 29 JUNE 1989 



m 


»TG 
■«et 


M* 


»c: 

Thr 


AAT 
Atn 


AAG GAC AGA CTC TTT GCG CCC GOT 
Lyt Glu Aiq Uu Phe Ala Pro Gly 


GCC 
Ala 


;tg gw 

Uu Gly 


P?3 


Gi i 


Ser 






rs 
:i 


CCA 
Pro 


GCA 

5W 


GCA 
Ala 


'5* 


TTC CCA TTC GCC TTC tCA XT GCA 
Phe Pro Pht Ala Pht Pro Gly Ala 


:tc 

Uu 


AGA £GG 


it I 


CCA 
Pro 


CCA 
Pro 


?»e 


A 


IH 


A?C 

net 


Uu 


AGC 
Ser 


Pro 


agc ttc :gg ggc :tg ggc cag :ct 

3«r Phe Uq Jly Uu Gly Gin Pre 


;ac 

AiP 


:tc ::c 

Uu Pro 


AAG 
~t* 


:ag 


<*•'. 






4H 

?i 


:t: 

Leu 


N 


GTG 
/al 


GAG 


AC A CAG AGC ACC AGC TCG GAG GAG 
Thr Gin Str Thr Str Ser Glu Glu 


ATG 

Ntt 


GTA CCC 
val Pro 


AGC 
Str 


TCT 
if r 


Pro 


ier fM 


B 



' -KG GTC l 
■ Gly Val ! 

! GTC TAT 
. Val Tyr 

: CAG TAC 
I Gin Tyr 



* GGC TCC 
i Gly Cya 



: TTT CTA TGC AAT GAC 
i Pht Val Cya Un Aap 

*CA 
Axq 



ACA TGT " 
Thr Cys I! 

TGC AGO C 
Cya Uq I 



; CCC TTC 1 
Gly Pht P 

: TGT ATC » 
, Cya I It I 



AAG TCT TCT ;« TAC 

Lya Str Ser T/r 

CCC ACC ATT CAG AAA 

Uq Sar Me L,i 



* AAG TCT " 
i Lya Cya t 



; AAC GAT CCA t 



; AAG AAA * 
i Lya Lya 1 



I AAA GAC C 
. Lya Glu < 



TCG CCC ^AC AGC TAT H 
Str Pro Up Str Tyr 



191 GU Uu ! 



TTT | CCC TCA CTC TGC CAG CTC GGC AAG TAC ACC ACS AAC TCC ACT GCA ;AT CAC TGC "G 
Pht| pro Str Uu Cya Gin Uu Gly Lya Tyr Thr Thr Un Str Str Ala Up Hit Uq 

r AG ''TG GAC CTC GGC CTG TGC GAC AAG TTC ACC GAC CTC GCC ACC AAA TGC ATC ATC AAC 
Gin Uu Up Uu Gly Uu Trp Up Lya Pht Str Glu Uu Al* Thr Lyi Cya lie Ut Lyt 

ATT CTG GAG TTT GCG AAG CGC CTC CCT OCT TTT ACA GGC CTC AGC ATT 5CC GAC CAG ATC 
Ut v*l Glu Pht At* Lya Uq Uu Pro Gly Pht Thr ^.ly Uu Str I It Al* Up Gin Ut 

ACG "TG TC AAG XT CCT TGT CTC GAC ATC CTA ATG CTC COG ATC TGT ACA AGG TAT ACC 
Thr Ua Uu Lya Al* Ala Cys Uu Up U. Uu Ntt Uu Uq Ut Cya Thr Uq Tyt Thr 

CCA 'GAG CAG GAC ACT ATG ACA TTC TCG GAT GGC CTG ACC CTC AAC CCA ACC CAC ATG CAC I 
Pro Clu Cln up Thr Ntt Thr Pht Str Up Cly Uu Thr Ut Un Uq Thr Gla Ntt Huh 

AAT GOT GGC TTT GGG CCC CTT ACA GAC CTC GTC TTT GCC TTT GCC GGG CAG CTG CTG CCcL 
Un AU Gly Pht Gly Pro Uu Thr Up Ut Val Pht Ua Ptit Alt Cly Cln Uu Uu Pro! 

CTG GAG ATC CAT GAC ACC GAG ACT GCC CTfc CTT ACT OCT AtC TGC CTC ATC TCT GGA GACl 
Uu Glu Ntt Asp Asp Thr Gto Thr Gly Uu Uu Str Al. Ut Cya Uo Ut Cyt Gly Up! 

r GA ATG GAC CTG GAA GAC CCC GAG AAG GTC GAC AM CTC CAC GAC CCC CTO CTG GA* GCflT 
U, mi Up Uu GU Glu Pro Glu Lyt V«l At? UfA L«u Cl» Glu Jf^Uu Uu CU AU| 

CTG AGG CTC TAT GCC CGC CCA CGC AGA CCC AGC CAA CCC TIC IffC TK CCA ACC ATC CTCl* 
Uu Uq Uu Tyr Alt Uq UtJ U« Ut> K» ft GUT Pro Tff IM ttmfm kt% Na*. M» * 

ATG AAA ATC ACC GAC CTC COG GGC ATC AGC ACT AAC <tGA XfcHjtt tCO ^{g.j&CK 
Ntt Lyt ilt Thr up Ut Uq Oly lit Str Thr Lys Gly Af#4N A*t> AlA IM-wr-r 

AAG ATC GAG ATT CCA GCC CCG AtC CCA CCC CTC AtO CCJt aTlM OJ-AJC CCC CAO 
Lyt Ntt GU lit Pro Cly Pro Ntt Pro Fro Uu. Ut Uq Glu WK U» Glu U« Pro siu 



'g'tTT GAC GAC GAC TCC TCC AAG-CCT GCC CCC CAC CCC AAC GCT TCC ACT GAC GAC CM 
«|JhI Glu Up Up Str Str Lyt »«0 Gl^ Fro »U U 9 Hft,Al* Str. Ut . Oil Up Glu 

USS TUCTWTCCCTTTACACWCarXCJinCCT^ 



and 1 x Denhardt's reagent 24 . The most stringent wash was done in 2 x SSPE 
plus 0.1% SOS/0.06% sodium pyrophosphate (NaPPi) at 50 °C for 20 min. 
Filters were exposed for 36 h at -80 °C (one intensifying screen, Kodak 
XRO-5 film). Positive clones were rescreened under the same conditions 
and phage DNA was prepared from the clones which remained positive. 
These clones were divided into three groups based on Southern blot hybridiz- 
ation data with hRARa and hRARp cONA probes and restriction enzyme 
digest patterns. Selected cDNAs from each group were subcioned into either 
pT219R. or pEMBL18 and 19 vectors: single stranded DNA was prepared . 
and sequenced using the dideoxy chain-termination procedure 25 . Two clones 
which contained the entire open reading frame of mRAR^ and mRAR(J were 
sequenced either on both strands (mRAR-y. sequence shown in panel c). or 
on one strand (mRAR0. panel 0: any ambiguity was resolved by sequencing 
on the other strand). The mRARa sequence was derived from two clones 
which were sequenced on both strands and overlapped between ammo acids 
64 ano 283 of the sequence displayed in panel a. A mRARa cDNA clone 
containing the entire open reading frame was subsequently constructed in 
PSG5 (ref . 21) by using the unique Ssi/361 site located in the DNA sequence 
encoaing amino acids 182-184. 
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An U.5-day-old total mou!! B einbryo AgtlO complementary 
DNA library was screened with hRARa and hRAR3 cDNA 
probes: 8 1 clones were isolated, of which two sets were identified 
as mRARa and mRARp on the basis of a 98% homology of 
their cDNA-deduced amino-acid sequence with that of hRARa 
and hRARp, respectively (Fig. \a y b). Less homology with 
RARa or RARp was found for a third set of clones, although 
the deduced amino-acid sequence (Fig. 1c) was obviously 
related to both of them (Fig. 2; the A-F regions in Figs I and 
2 were as previously defined in refs 11, 13 and 16). This new 
member of the mouse RAR subfamily was designated mRARv. 
The greatest amino-acid sequence similarities among the three 
mRARs were found in the regions corresponding to the DNA- 
binding domain (region C, 95% ) and the ligand-binding domain 
(region E, 85% identity between mRARa and mRAR7, and 
90% identity between mRARp and either mRARa or y), suggest- 
ing that mRAR> recognizes the same responsive element and 
binds the same ligand as mRARa and mRARP (see below). 
Region B is also conserved (75% , 86% and 79% identity between 
mRAR-y and mRARa, mRARv and mRARp, and mRARa and 
mRARP, respectively), whereas no conservation was seen in 
this region when comparing nuclear receptors that bind different 
ligands (ref. 16 and refs therein). The D region, which is not 
conserved across the nuclear-receptor family of a given species 
and may act as a hinge region 16 , is less conserved among mRARs. 
Both the N- and C-terminal segments of region D, however, are 
highly conserved, although the central segment is not (hatched 
box in Fig. 2). No significant similarity was found between 
mRARs in region A (encoded in an exon different from that 
encoding region B, see ref. 13), nor in region F, both of which 
also vary within a given species between the different nuclear 
receptors 16 . 

By contrast, there is an almost complete conservation 
of amino-acid sequence between the A regions of hRARa 1 ■ 
and mRARa (98%), and hRARp ,3U and mRARp (94%), and 
between the corresponding F regions (90% for hRARa 
and mRARa, and 92% for hRARp and mRARp). Similarly, 
the entire D region of a given RAR subtype is conserved across 
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FIG. 2 Amino-acid alignment of the mRARa. mRAF3 3^0 tiRARv (as indi- 
cated). The single letter amino-acid code is used, .re re ^umber of the 
last amino acid in each sequence is given at re ^ the alignment. 
Numbers on the left side correspond to the firs, ar- -o ^ a giver, tine. 
Regions A. C and E are boxed and regions A-P are <x ^ - ..'.;a -Aith capital 
letters on the right side of the figure. The ron-c:rv?".-?-: sift "-'"'fin region 
0 is boxed with a hatched line. Gaps have be'sr m»r ^ced to oora : n ttv 
optimal alignment of the mRAR-y sequence with 'hat 0' TiRARa and mRAR(J 
Dashes represent mRARa and mRARp amino acds *-xh j:e ■ Jentical with 
those of mRARy 
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species (98% IcTei^ity between both hRARa and mRARa, atl l 
hRARp and mRARp). This high degree of conservation^! 
the A, D and F regions for a given RAR subtype contrail 
with the lack of or lower conservation of the same regi 0r> 1 
among the various RARs in a given species (see abovei ari(J J 
also with the lower conservation of regions A/B, D and F f 0 J f i 
a given steroid-hormone receptor across species 1617 . Thus tM 
A, B, D and F regions may have specific functions not perform^ 1 
by the C and E regions, but necessary for the three RARs to 
exert their specific physiological roles. Note that the A/ B regi 0ns 
of the oestrogen and progesterone receptors have been irnpi;. \ 
cated in specific transcriptional transactivation of some tare et 
genes 16 ' 18 " 10 . 

When mRARa, mRARp and mRAR^ cDNAs w Crt 
expressed 21 in HeLa cells together with a reporter plasty 
(TRE3) 3 -tk-CAT containing a RA-responsive element (Fig. 3, 
all three receptors responded similarly to all-trans RA. As 
the case for hRARa and hRAR(i IM \ retinol was much lc ss 
efficient at the same concentrations (data not shown). \ 0 
obvious difference was observed between the dose responsive, 
ness of mRARa and mRARp, in contrast with results obtained 
previously with human chimaeric RARa and RARp 13 . This may 
be due to the use of a less sensitive responsive element in th e 
present study. 
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FIG. 3 RA-dependent transcriptional trans-activation by mRARs transiently 
expressed in HeLa cells. HeLa cells were co-transfected as described 11 - 1 
with pSG5-based expression vectors 21 containing the entire cONA of eitr>er 
mRARa (mRARaO), mRARp (mRARpO) or mRAR-/ (mRARnrO). and a reporter 
plasmid, (TRE3) 3 -tk-CAT. carrying a synthetic RA-responstve element (RARE). 
After transfection (24 h). cells were fed with media containing increasing 
concentrations of RA as indicated (0-lxiO _6 M. lanes 1-8. respective*! 
and collected 48 h after transfection for determination of CAT (chloram- 
phenicol acetyltransferase) activity. 

METHODS. HeLa cells (-10 6 per dish) were co-transfected with 0.5 ngo 
a given mRAR expression vector. 2 *ig of reporter plasmid and 2 ng of 
pCHHO (Pharmacia, a P-galactosidase expression vector used as an internal 
control to normalize for variations in transfection efficiency). The iota 
amount of transfectcd ON A was adjusted to 20 )ig by addition of earner 
DNA <BSM13H Cell culture media, treatment of cells, preparation 01 
cytosolic extracts, and CAT assays were carried out as previously 
described 1 ' 13 . The reporter plasmid (TRE3) 3 -tk-CAT (ref. 26) contains 3 
tr.mer of a synthetic RARE (b'-AGCnAGGTCAGGGACGTGACCTT-3'i mser.ee 
tn ^LCAT8 * (ref. 27) upstream of the tk promoter. mRARaO wasconstruce- 
hy inserting the reconstructed mRARa cDNA (see Pig. 1) into the Ecofli ^ 
of pSG5 (ref. 21). mRARfjQ was obtained by inserting the Eagl Ban* 
fragment of mRARp cDNA into the 5amHI site of pSG5 with the hetp 01 a 
BarrHueagl adaptor, and mRARTO was constructed by ligating the tcoR • 
f,a;iked mRAR^ cDNA (Fig. Xc) into the EcoRI site of oSG5. 
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FIG. 4 Northern Wot analysis of mRARa. mRARp and mRARy poly<A)* RNA 
from various mouse tissues (as indicated in a, lanes 1-14). and F9 EC cells 
(ft. lanes 15-17) before (lane 15), and after 24 h (lane 16) and 48 h (lane 
17) treatment with RA (3.3xiO" 7 M). Poly(A)* RNA (4 u-SJ was loaded in 
ail lanes. The 28S and 18S rRNA standards were taken as being 4.712 (ref. 
28) and 1.869 (ref. 29) bases long, respectively, a mRARa and mRAR^ 
sequences were detected with specific ( 32 P]-end labelled oligonucleotide 
probes. The entire mRARfl cONA labelled with l 32 PJ by random priming was 
used to detect mRAR(J RNA. Hybridizations were performed using the same 
blots, first hybridized with the mRARa probe (exposure time, 7 days at 
-80 °C; two intensifying screens and Kodak XRO-5 film), then with the 
mRARp probe and finally with the mRAR> probe (exposure times. 4 days). 
The lower panel corresponds to a different blot hybridized only with a 
randomly primed entire mRAR*y cONA probe (exposure time. 24 h). Actin 
RNA could be revealed with a cytoskeietal actin cONA probe 30 in all cases 
except for pancreas and adrenal preparations suggesting RNA degradation 
(data not shown), o. Three blots were hybridized with randomly primed 
[ 32 P]-labelled entire mRARa. mRARfJ and mRAR^ cONA probes (exposure 
time. 12 h). The filters were also probed with the actin cONA probe (lower 
panel. ACT). , 
METHODS. RNA was extracted using the GnSCN-CsCl procedure . Poly(A) 
RNA 32 was electrophoresed on 1% agarose-1.1 M formaldehyde gels and 
transferred to nitrocellulose filters 24 . Hybridisation was as described in the 
'egend to Fig. 1. except that 50% formamide was used and hybridisation 
was at 42-45 'C (37-40 X for oligonucleotide probes) for 18 h. Filters were 
dehybridized by 5-min treatments in 0.05 xSSPE at 90 °C. Specific activity 
of all randomly-primed cDNA probes and labelled oligonucleotides was - 10 
and 10 s c p.m. M -g" 1 DNA, respectively. The most stringent wash (15 mm) 
was at 65 X in 0.1 x SSPE plus 1.0% SDS/0.03% NaPPi for filters hybridized 
with randomly-primed cONA probes and at 55 X in lxSSPE plus 1.0% 
SDS/0.03% NaPPi with ( 32 P]-laoelled oligonucleotide probes. 



The expression of mRARs was investigated using specific 
oligonucleotide (mRARa and mRAR^) or randomly primed 
cDNA (mRARp and mRAR-y) probes (Fig. 4a). Two mRARa 
RNAs (-3.8 kilobase (kb) and 2.8 kb) were found in all mouse 
tissues including skin, and in 11.5-day old embryo (see legend 
to Fig 4a for pancreas and adrenal). Compared with mRARa 
RNA the 3.4-kb mRARp RNA was relatively more abundant 
in brain and in total 11.5-day embryo, and lower in skin and 
lung, than in other tissues. No 3.4-kb mRARp RNA could be 
detected in spleen, intestine and testis, and an additional l.9-kb 
species was found only in muscle (due to the use of different 
probes and exposure conditions, the mRARp signal was 
amplified at least 20-fold relative to the mRARa signal in Fig. 
4a) By contrast, it is remarkable that mRAR^y RNA was detec- 
ted at levels at least as high as those of mRARa only in the 
skin of both 4-day-old and adult animals (upper and third row 
in Fig. 4a). Using a probe of higher specific activity, mRAR7 
RNA was detectable in total 11.5-day embryo and in lung, and 
at trace levels in spleen (lower row in Fig. 4a). mRARa and 
mRAR7 RNAs were also present in F9 EC cells which differenti- 
ate to endodermal-like cells upon exposure to RA" (Fig. 46). 
mRARp RNA was induced by RA (at least 30-fold trom 
densitometry), whereas no variation was seen for mRARa RNA, 
and mRAR^ RNA decreased by two-fold. A similar induction 
of mRARp RNA has been observed by L. Gudas et ai 1 personal 
communication). Whether this induction is transcriptional, as 
for hRARp in a human cell line 23 , and is mediated by mRARa 
or mRARv or both, is unknown. 

In summary, three RAR subtypes are expressed in mou^e 
two of them being strikingly homologous to human R \K-. jr.d 
RARp. That hRARa and mRARa, and hRARp an,! mK-\K ! 3 
jre more homologous to each other than either hK \K- md 
hRARp, or mRARa and mRARp, strongly sugge .hv 
three RAR subtypes exen specific functions perhaps b> r vi 
ing the transcription of different genes at differed 
development and in specific cells. In this respect, it is row- rjln 
that mRAR> expression seems to be highly restricted u> .kin 
which is known to be an exquisite RA target in both .unikM 
and pathological states 6 " 10 . Whether mRAR-y is .peuhcal.; 
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expressed in keratinocytes remains to be seen. Finally, thai 
numerous effects of RA on development and the presence of* 
the three RARs in mouse embryo and differentiated F9 cells, 
raises the question as to whether they exhibit specific patterns, 
of expression and function during embryogenesis. □. 
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